Variability analyses for the rainfall over the Nile Basin have been confined mostly to sub-basins and the annual mean of the hydroclimatic variable based on observed short-term data from a few meteorological stations. In this paper, long-term country-wide rainfall over the period 1901-2011 was used to assess variability in the seasonal and annual rainfall volumes in all the River Nile countries in Africa. Temporal variability was determined through temporal aggregation of series rescaled nonparametrically in terms of the difference between the exceedance and non-exceedance counts of data points such that the long-term average (taken as the reference) was zero. The co-occurrence of the variability of rainfall with those of the large-scale ocean-atmosphere interactions was analyzed. Between 2000 and 2012, while the rainfall in the equatorial region was increasing, that for the countries in the northern part of the River Nile was below the reference. Generally, the variability in the rainfall of the countries in the equatorial (northern) part of the River Nile was found to be significantly linked to occurrences in the Indian and Atlantic (Pacific and Atlantic) Oceans. Significant linkages to Niño 4 regarding the variability of both the seasonal and annual rainfall of some countries were also evident.
INTRODUCTION
The River Nile is the world's longest river under arid conditions and is fed by two main river systems: the White Nile (from the equatorial region) and the Blue Nile (from the Ethiopian highlands) (Onyutha & Willems a) . The river has a basin with a total catchment area of about 3,400,000 km Table 1 for area coverage). However, the data used in the above studies on the at-site and regional analyses are based on only a few hydrometeorological stations and are of short record lengths.
Understanding variability in rainfall is a critical factor, and Onyutha & Willems (a) . In some of these studies, the variability analyses were confined mostly to sub-basins and annual mean of the rainfall and, moreover, based on observed short-term data selected over different time periods and from a few meteorological stations. These could altogether affect the spatial coherence of results for the variability analyses. Instead of just annual rainfall, variability in the seasonal volumes is also important for the basin given its dependency on the rain-fed irrigation system. In some of the above studies, e.g., Mbungu et al. () , there were no attempts to investigate any possible linkages of the rainfall variability to ocean-atmosphere interactions.
In the methods used to analyze variability in the above (cited) studies, rainfall intensity values were applied directly.
In such cases, computed variability anomalies may be exag- For the procedural details of how the CRU CY 3.21 data were processed and obtained, the reader is referred to BADC (). Important to note is that the CRU CY 3.21 data sets prioritized completeness, and had no missing data (BADC ). Through pre-analysis checks, the obtained rainfall data for the River Nile countries before their use in this study were confirmed to have no missing data. Although South Sudan became independent from Sudan in 2011, the CRU CY 3.21 data set under the name Sudan comprises averages over the two countries.
From the monthly series, seasonal and annual rainfall totals were obtained for analyses of the temporal variability.
Variability of rainfall volumes as considered in this study is important for management of agricultural practices. Table 1 shows for all the countries the data record length, long-term maximum total ( (1) The SOI is defined as the normalized pressure difference between Tahiti and Darwin. The SOI data based on Ropelewski & Jones () were obtained from the CRU (see Table 2 ).
(2) The AMO index is defined as the SST averaged over 
METHODOLOGY Spatial differences in rainfall statistics
Differences across the study area were assessed in terms of dry and wet seasons. This was done using the long-term mean of the monthly rainfall in the different countries.
Differences in the annual rainfall totals were also examined.
Strong spatial differences of these rainfall statistics could indicate differences in possible driving forces of the temporal variability in the River Nile countries.
Detection of variability using the NAIM
To assess homogeneity, variability, persistence, non-stationarity, shift in the record mean, etc. in rainfall, rescaling of the data is important. One way to do this is by applying the parametric approach in which the deviation of each data point from the mean is accumulated into partial sums and divided by the standard deviation (see, e.g., Hurst ;
Buishand ). Parametric rescaling can be sensitive to possible outliers in the series. Without the need to directly use the mean and standard deviation for rescaling, and to circumvent the possible influence due to outliers in the series, a nonparametric approach is to compute the difference (D) between the exceedance and non-exceedance 
where R b is the number of times a data point exceeds others
and R a is the number of times a data point is exceeded. To Therefore, to determine the variability in the given series using the NAIM, the steps included:
(1) selecting the L b ;
(2) rescaling of the series using Equation (1) Step (2) in each slice j using The time step of the L b in this study was taken as one year. In Step (6), the average conditions over the long term were represented by zero percent, and the values of the changes below and above were expected to characterize the temporal variation.
To assess the sensitivity of the block length L b (i.e., a subseries of the full time data set covering the period of interest), preliminary analysis was conducted using block periods of 5, 10, and 15 years. The choice of L b is subjective and may depend on the objective of the study. The value of L b ¼ 10 years was found to give a much clearer anomaly pattern in the rainfall data than for 5 and 15 years, and was eventually adopted for this study.
To understand variability in rainfall and/or the driving forces, the NAIM was applied to:
(1) series of annual rainfall totals and mean of climate indices in each year; and (2) series of seasonal rainfall totals and mean of climate indices in the corresponding season.
Test of significance in the NAIM
The null hypothesis (H 0 ) that the observed variability in the rainfall is caused by only the natural randomness (i.e., there is no persistence in the temporal climate variation) was con- 
If the anomaly values from
Step (1) fell within the CI, H 0 (natural randomness) was accepted; otherwise rejected. For the rejection, the UL or LL limit of CI from Step (7) was, respectively, required to be up-or down-crossed by the anomaly values. The values of N MC and α% were set to 1,000 and 5%, respectively. 
Correlation analysis
Any possible linkage of the rainfall variability to the large scale ocean-atmosphere interactions was sought using correlation analysis (at both α ¼ 5 and 1%) under the null hypothesis H 0 'there is no correlation between the variability results of the rainfall and those of the climate indices'.
The correlation analysis was carried out at both annual and seasonal time scales.
RESULTS AND DISCUSSION
Spatial differences in rainfall seasons Figure 3 shows the long-term mean monthly rainfall. In Figure 3 (a), it is seen that the rainfall over the equatorial region exhibits a bimodal pattern with the main wet However, it is noticeable that the wet seasons of Egypt cover MAM and ONDJF, and the dry season occurs in the period JJAS. For representativeness, these patterns of longterm mean monthly totals obtained using country-wide rainfall were crosschecked and found to agree with those presented by Onyutha & Willems (a) for data observed at some meteorological stations especially in Uganda, Tanzania, Burundi, Sudan, Ethiopia, Eritrea, and Egypt.
Spatial differences in the temporal rainfall variability and 1980s, mainly due to an earlier end. In Figure 4 (j), it is evident that the periods with a significant increase and decrease in Egypt's rainfall were from the 1900s-1920 and 1930s-1960, respectively. In Eritrea, the periods with an increase (decrease) in rainfall were the 1930s, 1950s, and the late 1970s (1940s, 1960s, and mid-1990s) ; correspondingly for Ethiopia, the following were noted: the 1930s and 1970s (1940-1960s and 1980-2011) . With data of shorter record length (from 1964 to 2004) than those used in this study, Taye & Willems () reported that the upper Blue Nile Basin-wide total annual rainfall was above (below) the reference over the period 1960s to early 1980s (mid-1980s-2004) . This is consistent with the results of this study as seen from Figure 4 (h). Unlike in the equatorial region, the countries in the northern half of the River Nile over the period between 2000 and 2012 were characterized by their rainfall below the reference (Figure 4 (g) and 4(j)). Only results for the temporal variability of the annual rainfall are presented in Figure 4 . Explanation of the spatio-temporal differences in the driving forces for the observed variability of the various seasons is also presented, as will now be discussed.
Spatio-temporal differences in the rainfall variability drivers Figure 5 shows the temporal variability of the MAM rainfall in Ethiopia and those of the climate indices. It is shown that the anomalies of both annual rainfall and the AMO index follow each other fairly well. This means that the variation in MAM rainfall can be partly explained by that in AMO.
For all the River Nile countries, correlation between anomaly patterns and those of climate indices as illustrated in Figure 5 are summarized in Table 3 .
For the equatorial region (stations 1-6 in Table 1 This means that drivers of variability in annual rainfall could be those that cause variations in the OND rainfall.
For the countries in the northern half of the River Nile, Table 3 shows that there was significant positive (negative) correlation between variability in the annual rainfall and SOI (micro-scale features). Importantly, this might have also been due to the connection of the rainfall variability with the influence of regional features (topography, water bodies, land cover, etc.) over atmospheric circulation. The highlands which bind the Nile Basin to the east, from Eritrea to Kenya, restrict penetration of the easterlies from the Indian Ocean; an exception is the gap between the Ethiopian and Kenyan highlands (Camberlin ). The bold values are significant at the level of 1%. The critical value of the correlation coefficients at significant level of 5% is 0.20. 
CONCLUSION
This paper has assessed, using the NAIM, variability in the seasonal and annual rainfall across the River Nile countries.
Possible driving influences of the rainfall variability were sought using a number of climate indices. The NAIM gave results which were consistent with those of previous studies.
This showed its credibility for analysis of variability in hydrometeorological variables.
The period of high (low) rainfall was the 1960s to early 
